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SPECIFICATION 

Electronic Version 1 -2.8 
Stylesheet Version 1 .0 

HYDRAULIC FAN DRIVE SYSTEM 
EMPLOYING BINARY CONTROL 

STRATEGY 

Cross Reference to Related Applications 

The present invention ts reiated to U.S. Patent Application Serial No. 1 0/ 

filed on July 21 , 2003 (Attorney Docket No. DKT021 52) entitled "Hydraulic 
Controlled Fan Clutch with Integral Cooling", which is incorporated by reference 
herein. 

Background of Invention 

[00011 The invention relates generally to fan drive systems and more specifically to 
a hydraulic fan drive system employing binary control strategy. 

(0002] The present invention relates to friction coupling devices and fluid coupling 
devices, such as friction clutch assemblies and viscous drives, the fluid coupling 
devices being of the type that include both a fluid operating chamber and a 
fluid reservoir chamber, and valving to control the quantity of fluid in the 
operating chamber. 

[0003] Although the present invention may be used advantageously in various 
configurations and applications, it is especially advantageous in a coupling 
device used to drive a radiator cooling fan of an internal combustion engine for 
an over-the-road truck, such as a class 8 truck, and will be described in 
connection therewith. 

[0004] Friction coupling devices and Huid coupling devices that drive radiator- 
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cooling fans generally comprise dry friction clutch assemblies and viscous drive 
clutch assemblies, respectively. 

[0005] Dry friction clutch assemblies tend to have two operating conditions "ON 
and Opr referring to when a friction clutch Is either fully engaged or fully 
disengaged. When a friction clutch assembly is providing cooling, the clutch is 
fully engaged and not slipping. When the frialon clutch assembly is not 
providing cooling, the assembly is fully disengaged and slip speed Is at a 
maximum between a clutch plate and an engagement surface. 

[00061 "The dry friction clutch assemblies generally have low thermal capacity, since 
they typically do not Incorporate fluid flow cooling mechanisms. Thus, the 
clutch assemblies have minimal cooling capability and are unable to cycle 
repeat in short durations of time. Also, because of low thermal capacity, the 
clutch assemblies are also limited in torsional capacity, such that they are 
incapable of engaging at high engine revolutions per minute (rpm) or high 
engine speeds. The thermal energy that Is generated during engagement at 
high engine rpm speeds can "burn up" or cause the clutch assembly to become 
inoperative. 

[0007] Viscous drive clutch assemblies, on the other hand, have become popular 
due to their ability to cycle repeat, engage at higher engine speeds, and have 
varying degrees of engagement. Viscous drives have an operating range of 
engagement, are generally less engaged at higher engine speeds and are 
generally more engaged at lower engine speeds. Viscous drives are never fully 
engaged for internal viscous shear purposes. 

[0008] Unfortunately, viscous drive clutch assemblies are also thermally and 

torsionally limited. Viscous drives slip to some degree at all times making them 
to be incapable of turning at fully engaged peak operating speeds or at higher 
speeds than originally designed. Since viscous drives are continuously slipping, 
they are continuously generating heat, unlike friaion clutch assemblies. Viscous 
drives are further limited in that the more engine cooling that is needed, the 
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larger and more cosUy the viscous drive and cooling fan that are required. Thus, 
for increased engine cooling requirements, viscous drive clutch assemblies can 
become Impractical in size and cost. 



fan drive system that is capable of not only providing an increased amount of 
cooling over traditional fan drive systems^ but also that It have the associated 
advantages of a friction clutch assembly as well as viscous drive clutch 
assemblies, without the associated disadvantages. It is also desirable that the 
fan drive system be practical and reasonable in size and cost, so as to be 
approximately similar to and preferably not to exceed that of traditional fan 
drive systems. 

[0010] To address these issues, a new system and method for engaging a fan drive 
was developed. This system, which is described in U.S. Patent Application Serial 

No. 10/ (Attorney Docket Number 0KT021 52) filed July 21 , 2003 

entitled "Hydraulic Controlled Fan Clutch with Integral Cooling", to Robb et al. 
which is herein incorporated by reference, discloses a hydraulically controlled 
fan drive system having a certain method of engagement. The hydraulically 
controlled system includes a housing assembly containing a hydraulic fluid and 
an engaging circuit. The engaging circuit includes a pitoi tube coupled within 
the housing assembly that receives at least a portion of the hydraulic fluid. An 
engaging circuit engages the housing assembly to a fan shaft in response to 
supply of the hydraulic fluid from the pitot tube. 



One of several advantages of the above-stated clutch mechanism is that it 
converts fluid velocity into pressure through use of the pitot lube to generate 
normal force for engagement purposes. In so doing, the clutch mechanism 
provides variable engagement via Internal hydraulic pressure control. The pitot 
tube provides an inexpensive pressure supply source that requires minimum 
space within the fan drive system. To disengage the friaion clutch, a fluid 
controller adjusts the static pressure received by the piston by controlling fluid 



[0009] 



Due to increased engine cooling requirements, a current desire exists for a 



[0011] 
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flow through a controller branch across the main center channel, via the return 
channel, whereafter the fluid returns to the reservoir. The fluid controller acts 
essentially as an ON/OFF mechanism to relieve or not relieve the static 
pressure, thereby either engaging or disengaging the clutch mechanism. The 
clutch mechanism does not provide a mid-range static pressure level within the 
pilot tube that can be used to create a partially engaged clutch output based on 
a viscous fluid type clutching mechanism, thereby allowing more precise control 
of cooling capabilities within the cooling system. 

[001 2] It is thus highly desirable to create a robust fan drive system that can be 

used in a wide variety fan clutch applications that is capable of controlling static 
pressures within the pitot tubes at any given pulley speed and pulley ratio to 
create mid level speed control. 

Summary of Invention 

[001 3] The present invention provides a robust fan drive system that can be used 
in a wide variety fan clutch applications and is capable of controlling the static 
pressures within the pitot tubes used to engage, partially engage, or disengage 
the clutch mechanism at any given pulley speed and pulley ratio. The invention 
thus creates a so-called mid level speed control. The present invention provides 
two or more ON/OFF actuation devices coordinated in series to obtain as many 
flow rate/pressure combinations as desired. 

[001 4] In one preferred embodiment, a pair of sliding spools, one inside of the 

other, are used an the actuation devices. Each spool is coupled to a spring and 
magnetic coil setup that utilizes an ON /OFF actuation mechanism. The outer 
spool also has an inner and outer proportionating valve. When both coils are in 
the OFF position, each of the spools is biased such that a body region of the 
inner spool prevents the flow of fluid from the pitot tube to a fluid reservoir 
through the proportionating valve, therein providing maximum pressure to the 
piston to engage the fan via a friction-type clutch mechanism. 

[001 5] When both coils are in the ON position, the spools are biased to allow free 
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flow of fluid (i.e. static pressure) from the prtot tube through the outer 
proportionating valve and back to the reservoir. This relieved static pressure 
allows a coupled piston is returned to an unbiased position such that the clutch 
mechanism (friction or viscous type) is not engaged. 

[001 6] When the outer coil Is in the ON position and the Inner coil Is In the OFF 
position, a restricted flow of fluid from the pitot tube through the outer 
proportionating valve to the reservoir is achieved. The piston is partially 
unbiased from a fully engaged clutch position, defined wherein clutch plates are 
disengaged but in close proximity to one another. This allows dutch 
engagement via a viscous type drive mechanism, thereby achieving a mid-level, 
or intermediate, output speed. 

[001 7] When the outer coil Is in the OFF position and the inner coil is in the ON 
position, a restricted flow of fluid from the pitot tube through the inner 
proportionating valve to the reservoir is achieved* The amount of flow, 
compared to the ON/OFF positioning described in the preceding paragraph, 
may be less or more, depending upon the gap created between the Inner and 
outer spools located at a position wherein fluid flows through the 
proportionating valve. The piston is partially unbiased from a fully engaged 
clutch position, defined wherein clutch plates are disengaged but in close 
proximity to one another. This allows clutch engagement via a viscous type 
drive mechanism, thereby achieving a second mid-level, or intermediate, output 
speed. 



In another preferred embodiment, the so-called parallel fixed orifice binary 
control, the supply flow is broken up into two or more separate channels, or 
orifices having a different orifice diameter. An electronically controlled valve is 
coupled within each of the orifices that can close the flow of fluid from the pitot 
tube to the reservoir when activated or allow the flow when deactivated. As 
above, friction type engagement of the clutch mechanism Is achieved by closing 
both valves, thereby maintaining maximum static pressure within the pitot tube 



[001 8] 
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at a given pulley rotational speed and pulley ratio. By opening both valves, 
maximum static pressure relief is achieved, therein disengaging the clutch 
mechanisin. By opening one of the two valve, partial pressure relief is achieved, 
therein allowing midspeed control at a given input rotational speed and pulley 
ratio. To further differentiate the flow through each channel, a different size 
restrictor may be placed within the orifice. 

[001 9] The present invention itself, together with attendant advantages, will be 
best understood by reference to the following detailed description, taken in 
conjunction with the accompanying figures. 

Brief Description of Drawings 

[0020] Figure 1 is a perspective view of a vehicle utilizing a hydraulically controlled 
fan drive system in accordance with an embodiment of the present invention; 

[0021] Figure 2 Is a cross-sectional view of the hydraulically controlled fan drive 
system in accordance with an embodiment of the present invention; 

[0022] Figure 3 Is a close up view of the fluid controller of Figure 2 made in 

accordance with one embodiment of the present invention, where a pair of 
electronic actuators are both in an OFF position; 

[0023] Figure 4 is a close up view of the fluid controller of Figure 3 made in 

accordance with one embodiment of the present Invention, where the one of the 
pair of elearonic actuators coupled to the inner spool is in an OFF position and 
the other one of the pair of electronic actuators coupled to the outer spool is In 
the ON position; 

[0024] Figure 5 is a close up view of the fluid controller of Figure 3 made in 

accordance with one embodiment of the present invention, where the one of the 
pair of electronic actuators coupled to the outer spool is in an OFF position and 
the other one of the pair of electronic actuators coupled to the inner spool is in 
the ON position; 
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[0025] Figure 6 is a close up view of the fluid controller of Figure 2 made in 

accordance with one embodiment of the present invention, where a pair of 
electronic actuators are both In an ON position; and 

[0026] Figure 7 is a close up view of a hydraulicaliy controlled fan drive system 
according to another preferred embodiment of the present invention. 

Detailed Description 

[0027] In the following figures the same reference numerals will be used to refer to 
the same components. While the present invention is described with respect to 
a method and system for a hydraulicaliy controlled fan drive system, the present 
invention may be adapted and applied to various systems including: vehicle 
systems, cooling systems, fan drive systems, friction drive systems, or other 
systems. 

■ 

[0028] In the following description, various operating parameters and components 
are described for one constructed embodiment. These specific parameters and 
components are included as examples and are not meant to be limiting. 

[0029] Also, in the following description various fan drive components and 

assemblies are described as an illustrative example. The fan drive components 
and assemblies may be modified depending upon the application. 

[0030] 

Referring now to Figure 1 , a perspective view of a vehicle 1 0 utilizing a 
hydraulicaliy controlled fan drive system 12 in accordance with an embodiment 
of the present Invention Is shown. The system 12 uses rotational energy from a 
liquid cooled engine 1 4 at an increased ratio to turn a radiator-cooling fan 16 
to provide airflow through a radiator 18. The system 12 includes a housing 
assembly 20 fixed to a pulley 22, which is coupled to and rotates relative to a 
crankshaft (not shown) of the engine 1 4, via a pair of belts 24, within an engine 
compartment 25. Of course, the present Invention may be relatively operative In 
relation to various components and via any number of belts or other coupling 
devices, such as a timing chain. The housing assembly 20 is mounted on the 
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engine 14 via a mounting bracket 26. The housing assembly 20 hydraulically 
engages the fan 1 6 during desired cooling inten/als to reduce temperature of 
the engine 14 or to perform other tasks further discussed below. 

[0031] The fan 1 6 may be attached to the housing assembly 20 by any suitable 
means, such as is generally well known in the art. It should be understood, 
however, that the use of the present Invention is not limited to any particular 
configuration of the system 1 2, or fan mounting arrangement, or any particular 
application for the system 1 2, except as is specifically noted hereinafter. 

[0032] Referring now to Figures 2 and 3-6, a first portion and a second portion of 
a cross-sectional view of the system 1 2 in accordance with one preferred 
embodiment of the present invention are shown in the fully engaged clutch 
position. The system 1 2 includes an input circuit 30, the housing assembly 20, 
a piston assembly 34, an engaging circuit 36 having a mechanical portion 38 
and an elearical portion 40, and a variable cooling and lubrication circuit 42. 
The input circuit 30 provides rotational energy to the housing assembly 20. The 
engaging circuit 36 engages the housing assembly 20 to a fan shaft 44, via the 
piston assembly 34, to rotate the fan 1 6. The fan 1 6 may be coupled to the fan 
shaft 44 via splines 46, which is threaded into the fan shaft 44, or by other 
techniques known in the art, such as being coupled to the fan hub 47. The fan 
shaft 44 may be a single unit, as shown, or may be split into a fan shaft portion 
and a clutch shaft portion. The variable cooling circuit 42 provides distribution 
of hydraulic fluid 48 throughout and in turn cooling and lubricating 
components within the housing assembly 20, The hydraulic fluid 48 may be an 
oil-based fluid or similar fluid known in the art. 

[0033] 

The input circuit 30 includes the pulley 22 that rotates about the mounting 
bracket 26 on a set of pulley bearings 50. The pulley bearings 50 are held 
between pulley bearing notches 52, in a stepped Inner channel 54 of the pulley 
22, and pulley bearing retaining rings 56, that expand Into pulley ring slots 58 
In an interior wall 60 of the pulley 22. The pulley 22 may be of various type and 
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style, as known in the art. The inner channel 54 corresponds with a first center 
opening 62 in the housing assembly 20. The hydraulic fluid 48 flows through 
the center opening 62 into the inner channel 54 and cools and lubricates the 
bearings SO. A first seal 64 resides In the inner channel 54 on an engine side 66 
of the pulley 22 for retaining the hydraulic fluid 48 within the housing assembly 
20. 

(0034] The housing assembly 20 Includes a die cast body member 70, and a die 
cast cover member 72, that may be secured together by bolts (not shown) 
through channels 73 of the outer periphery 74 of the die cast member 70 and 
cover member 72. The die cast member 70 and the cover member 72 may be 
secured together using other methods known In the art. It should be 
understood that the present Invention is not limited to use with a cast cover 
member, but may also be used with other members such as a stamped cover 
member. The housing assembly 20 is fastened to the pulley 22, via fasteners 
(not shown) extending through the cover member 20 into the pulley 22 in 
designated fastener holes 76* The housing assembly 20 rotates in direct 
relation with the pulley 22 and rides on housing bearings 78 that exists 
between the housing assembly 20 and the fan shaft 44. The housing bearing 78 
is held within the housing assembly 20 between a corresponding housing 
bearing notch 80 in the body member 70 and a housing bearing retainer ring 
82 that expands into a housing ring slot 84. A second center opening 86 exists 
in the body member 70 to allow the hydraulic fluid 48 to also circulate, cool, 
and lubricate the housing bearings 78. A second seal 88 resides on a fan side 
90 of the housing assembly 20 for retaining the hydraulic fluid 48 within the 
housing assembly 20. 

[00351 

The body member 70 has a fluid reservoir 92 containing the hydraulic fluid 
48. Cooling fins 94 are coupled to an exterior side 96 of the body member 70 
and perform as a heat exchanger by removing heat from the hydraulic fluid 48 
and releasing It within the engine compartment 25. The cover member 72 may 
be fastened to the body member 70 using various methods known in the art. 
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Note, although the fan 1 6 Is shown as being attached to the body member 70 it 
may be coupled to the cover member 72. 

[0036J The piston assembly 34 includes a piston housing 100 rigidly coupled to a 
distribution block 102, which is rigidly coupled to the bracket 26 on a first end 
1 04. The distribution block 1 02 is coupled to a fan shaft bearing 1 06 on a 
second end 1 08, which allows the fan shaft 44 to rotate about the second end 
1 08. The piston housing 1 00 has a main pitot tube channel 1 1 0, that has a 
piston branch 11 2 for flow of the hydraulic fluid 48 to a translating piston 1 1 6 
and to a hydraulic fluid controller 1 1 8. The piston 1 1 6 is coupled within a 
toroldally shaped channel 1 20 of the housing 1 00 and has a pressure side 1 22 
and a drive side 124, with a respective pressure pocket 126 and drive pocket 
128. 

[0037] An engaging circuit 36 is also contained within the housing assembly 20 

and Includes a hydraulic fluid supply circuit 1 32, a clutch plate assembly 1 34, a 
return assembly 1 36, and a control circuit 1 38. 

[0038] The clutch plate assembly 1 34 includes a clutch pack 1 56 within a drum 
housing 1 58. The clutch pack 1 56 includes the multiple clutch plates 144 
separated into a first series 160, or input clutch plates 1 60, coupled to the 
drum housing 1 58, and a second series 1 62, or output clutch plates 162, 
coupled to the fan shaft 44. Of course, any number of clutch plates 144 may be 
used. The number of clutch plates 1 44 defining each of the first series 1 60 and 
second series 1 62 may vary from one to several clutch plates, depending upon 
the desired engagement effect and depending upon space limitations. The 
control circuit 1 38 controls operation of the p(ston 1 1 6 and Its engagement to 
the endplate 1 40. 

[0039] Also, although a series of dutch plates 1 44 are utilized to engage the fan 
1 6, other engagement techniques known In the art may be utilized- 

[0040] 

The hydraulic circuit 1 32 applies pressure on the piston 1 1 6 to drive the 
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endplate 140, riding on a separation bearing 142 between the endplate 140 and 
the piston 1 1 6, to apply pressure on the input clutch plates 1 60* The input 
clutch plates 160 engage the output clutch plates 1 62, which rotate in response 
to the degree of engagement (either via friction type engagement or viscous 
type engagement). The rotating output clutch plates 1 62 in turn rotate the fan 
shaft 44 and fan 16 in response. The fan shaft 44 has multiple cooling 
passageways 164 that extend between a fan shaft chamber 1 66 and an Inner 
drum chamber 168 allowing passage of fluid 48 therein. Fluid 48 after entering 
the drum chamber 1 68 passes across and directly cools the plates 144 and 
returns to the fluid reservoir 92 through slots 1 70 in the drum housing 1 58. 
The slots 1 70 may be of various size and shape and have various orientations 
relative to the center axis 1 30. The cooling passageways 1 64 although shown 
as extending perpendicular to the center axis 1 30 may extend parallel to the 
center axis 1 30, similar to the slots 1 70* 

[0041 1 The hydraulic circuit 1 32 may include a baffle 1 46 separating a relatively 
hot cavity side 148 from a relatively cool cavity side 1 50 of the fluid reservoir 
92 and a pressure pitot tube 1 52. The pressure tube 1 52 although shown as 
being tubular in shape may be of various sizes and shapes. The pressure tube 
1 52 receives hydraulic fluid 48 from within the cool side 1 50, providing cooling 
to the engaging circuit 36, due to flow of the fluid 48 from rotation of the 
housing assembly 20, carrying the fluid 48 in a radial pattern around an inner 
periphery 1 54 of the housing assembly 20. The pressure tube 1 52 is rigidly 
coupled within the main channel 110 and is therefore stationary. As fluid 48 is 
circulating about the inner periphery 1 54, a portion of the fluid 48 enters the 
pressure tube 1 52 and applies pressure on the pressure side 1 22 of the piston 
1 1 6. Differential speed generated by the fluid 48 through the pressure tube 1 52 
can be expressed according to Bernoulli's equation, shown as equation 1 . 

[00421 
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[0043] 



In using equation 1 resulting velocity V on the clutch plate assembly 1 34 is 
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represented in terms of velocity pressure P, density p . and gravity g. Thus, as 
the rotational speed of the housing assembly 20 increases pressure applied on 
the clutch assembly 1 34 also increases providing variable drive speed of the fan 
1 6. as further discussed below. Pressure P within the pressure tube 1 52 varies 
proportional vrfth square of velocity V, and since torque of the fan 16 also varies 
with square of the velocity V, the fan 1 6 rotates at an approximately 
proportional constant percentage of input speed or velocity V. 

[0044] Since the fan 16 has a variable drive speed due to proportional pressure 
within the pressure tube 1 52, at low engine speeds, such as during an Idle 
condition, the fan 1 6 is rotating at a low speed. When the engine 14 is power 
OFF, there is minimum torque existing In the fan 16, which may be absorbed by 
the belts 24, unlike that of prior art systems, in a conventional fan clutch 
system when a fan Is rotating or engaged, the fan is typically rotating at a high 
speed. When an engine Is power OFF, torque existing in the conventional fan 
and fan clutch system is transferred into engine belts, degrading and damaging 
the belts. Some conventional systems incorporate electronic control devices, 
such that when an ignition system is powered OFF, the fan clutch system is 
disengaged before the engine is powered OFF. The additional electronic control 
devices add complexity and costs. Also, it is generally undesirable to allow an 
engine to continue running for a time period after an ignition is powered OFF. 
The present invention eliminates the need for the additional electronic devices 
and the initial disengagement of a fan clutch system, due to Its proportional fan 
rotating speed design. 



(00451 



The return assembly 1 36 includes a set of return springs 1 72 and a spring 
retainer 1 74. The springs 1 72 reside In the fan shaft chamber 166 and are 
coupled between the fan shaft 44 and the spring retainer 1 74. The spring 
retainer 1 74 has a quaner cross-section that is "L" In shape and Is coupled 
between the drive side 124 and the end plate 140. The springs 1 72 are In 
compression and exert force on the piston 116 so as to disengage the clutch 
plates 144 when fluid pressure on the pressure side 122 Is below a 
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predetermined level. 

[0046] The control circuit 1 38 includes the distribution block 1 02, the fluid 

controller 1 1 S, and a main controller 1 76. The distribution block 1 02 may have 
various configurations depending upon the type and style of the fluid controller 
1 1 8» only one is shown. The distribution block 102 has a return channel 1 77. 
The fluid controller 1 1 8 may be coupled within a main center channel 1 78 of 
the block 102, adjust fluid flow through the return channel 1 77, may be 
coupled within the bracket 26, or be external to the block 1 02 and bracket 26. 
As shown, the fluid controller 1 1 8 adjusts fluid flow through the return channel 
1 77 across the main center channel 1 78. where after the fluid 48 returns to the 
reservoir 92. In adjusting fluid 48 flow through the return channel 1 77, the fluid 
controller 1 1 8 adjusts pressure received by the piston 1 1 6. As the fluid 
controller 1 1 8 decreases fluid flow through return channel 1 77, pressure in the 
piston branch 112 and on the piston 1 1 6 increases. 

[0047] The fluid controller 1 1 8 is used to control the static pressure of fluid 48 
contained within the pilot tube 1 52. The fluid controller 1 1 8, according to 
preferred embodiments of the present Invention as described herein, employs a 
binary control strategy to providing varying pressure relief from the pressure 
pitot tube 1 52 that are designed to vary the amount of engagement of wet 
friction clutch system. 

[0048] 

The main controller 1 76 is electrically coupled to the fluid controller 1 1 8 
and may be contained within the system 12 or may be separate from the system 
1 2 as shown. The main controller 1 76 is preferably microprocessor based such 
as a computer having a central processing unit, memory (RAIVI and/or ROM), 
and associated input and output buses. The main controller 1 76 may be a 
portion of a central vehicle main control unit, an interaaive vehicle dynamics 
module, a cooling system controller, or may be a stand-alone controller as 
shown. The main controller 1 76 generates a cooling signal containing 
information such as when cooling is desired and the amount of cooling that is 
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desired. The fluid controMer 1 1 8 in response to the cooling signal adjusts flow 
of the fluid 48 from the pressure pitot tube 1 52 to the main channel 1 78 and 
back to the fluid reservoir 92. 

[0049] The main controller 1 76 may also be used to derate or reduce rotational 
speed of the engine 14 and reduce traveling velocity of the vehicle 1 0. Even 
when cooling is not desired the main controller 1 76 may activate the fluid 
controller 1 1 8 to increase pressure on the piston 116 and engage the fan 1 6. 
Since at least a minimal amount of torque is utilized in operating the fan 16 the 
rotational speed of the engine 14 may thereby be reduced, everything else 
being the same. 

[0050] The cooling circuit 42 includes a second pitot tube or lubrication tube 1 82. 
Although, only a single lubrication tube is shown, any number of lubrication 
tubes may be used, especially in applications where increased flow is desired. 
The lubrication tube 1 82 provides high flow rates at low pressures and as with 
the first tube may be of various size and shape. Fluid 48, from the cool side 
1 50, enters the lubrication tube 1 82 and is directed into the fan shaft chamber 
1 66 where it then passes through the cooling passageways 1 64 and cools the 
clutch pack 1 56. Fluid 48 may also exit the fan shaft chamber 1 66 through the 
slots 1 70. Fluid exiting from the fan shaft chamber 1 66 or the drum housing 
1 58 enters the hot side 148, where the cooling fms 94 dissipate heat therefrom 
into the engine compartment 25. The cooling circuit 42 not only cools and 
lubricates the clutch pack 1 56 but also other portions of the engaging circuit 
36. 

[0051] 

As stated above, the fluid controller 1 1 8 of the present invention employs a 
binary type control strategy to control the amount of static pressure buildup In 
the pressure pitot tube 1 52. and hence the amount of engagement of the clutch 
plates 144 at a given pulley 22 rotational speed ratio used to drive the fan shaft 
44 and coupled fan 16. Thus, the clutch pack 1 56 can be fully engaged (a 
friction type engagement), partially engaged at two or more relative 
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engagements (via a viscous fluid type engagement), or disengaged. 

[0052] As one of ordinary skill appreciates, a fully engaged clutch drives the fan 1 6 
at the maximum possible speed based on a given pulley rotational speed, 
thereby giving maximum cooling effea to the engine 14. Similarly, a 
disengaged clutch drives the fan 16 at minimal (or no) rotational speed, and 
represents no significant cooling to the engine 1 4. Finally, a partially engaged 
clutch drives the fan 1 6 at a rotational speed between fully engaged and 
disengaged, and thus provides less cooling the engine 14 at a given pulley 22 
rotational speed than a fully engaged clutch. 

[0053] Two preferred embodiments of the fluid controller 1 18 are described below. 
In one preferred embodiment, as shown in Figures 3-6, a binary valving 
mechanism connected in series controls the flow of hydraulic fluid 48 from the 
return channel 1 77 to the main channel 1 78. In another preferred embodiment, 
as shown in Figure 7, a parallel fixed orifice binary control strategy is used to 
restrict the flow of hydraulic fluid 48 from the return channel 1 77 to the main 
channel 1 78. £ach Is described below. 

[0054] In one preferred embodiment, as shown in Figures 3-6, the fluid controller 
1 1 8 consists of an outer spool 200 and an inner spool 202 coupled within a 
main center channel 1 78 of the block 102. Each spool 200, 202 is biased in a 
first position by a pair of springs 204, 206, respectively. 

[0055] The outer spool 200 has a step region 214 and a body region 2 1 6 

positioned within the main center channel 1 78 such that the body region 21 6 is 
closely coupled with the spring 204 at a location nearer to the mounting 
bracket 26. The outer spool 200 also has Inner proportionating valve 220 
located within the body region 216 and an outer proportionating valve 222 
located within the step region 214. 



[0056] 



Also coupled at the spring end 200a of the outer spool 200 Is an electrical 
coil 230 that Is elearlcally coupled to the main controller 1 76. When the 
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electrical coil 230 is unexclted, as shown in Figures 3 and 5. the spring 204 
maintains the outer spool 200 in a first position, characterized wherein the 
inner proportionating valve 220 is closely coupled with the return channel 1 77. 
When the elearical coil 230 Is electrically excited, as shown in Figures 4 and 6, 
the magnetic field created causes the outer spool 200 to move In a direction 
towards the spring 204 to a second position, characterized wherein the outer 
proportionating valve 222 is closely coupled with the return channel 1 77. 

[0057] The inner spool 202 has a step region 224 and a body region 226 

positioned within the main center channel 1 78 such that the body region 226 is 
closely coupled with the spring 206 at a location nearer to the mounting 
braclcet 26. 

[0058] Also coupled at the spring end 202a of the inner spool 202 is an electrical 
coil 240 that is electrically coupled to the main controller 1 76. When the 
electrical coil 240 is unexcited, as shown In Figures 3 and 4p the spring 204 
maintains the inner spooi 200 in a first position, characterized wherein the end 
of the body region 226 is closely coupled with the return channel 1 77. When the 
electrical coil 240 is electrically excited, as shown in Figures 5 and 6, the 
magnetic field created causes, the inner spool 200 to move in a direction 
towards the spring 206 to a second position, characterized wherein step region 
224 is closely coupled with the return channel 1 77. 

[00 S 9] 

Referring again now to Figure 3, also known as the engaged position or 
Default Mode, wherein both electrical colls 230, 240 are unexcited (the OFF/OFF 
position), hydraulic fluid 48 contained in the pressure pftot tube 1 52 is allowed 
to flow through the return channel 177 and into the inner proportioning valve 
220. However, the flow of hydraulic fluid 48 is blocked from entering the main 
center channel 1 78 by the body region 226 of the inner spool 202. Thus, static 
pressure of the hydraulic fluid 48 is maintained at a maximum within the 
pressure pitot tube 1 52 at the given pulley 22 rotational speed, which in turn 
maintains the pressure on the piston 1 1 6 to provide maximum engagement of 

file://C:\Program9&20Files\i4i\PASAT\TempIates\prBviewinie.xml 8/22/2003 



PACE 18/40 ' RCVD AT 2/1012005 3:06:38 PM {Eastern Standard Time] * SVR:USPT0€FXRF-1/3 ' DNI8:8729306 ' C8ID:248 2239522 ' DURATION (min-ss):09-22 



FEB-10~2005 15: 10 



RRTZ ftRTZ LAW OFFICES 



248 2239522 F 

rage is or 



p. 19/40 



the dutch plates 1 44 (i.e. a friction type clutch drive) to drive the fan shaft 44. 

[0060] Referring now to Figure 4» also knovm as a paitially engaged clutch position 
1 (or midspeed position 1), wherein electrical coil 230 Is excited while electrical 
coif 240 remains unexcited. in partially engaged clutch position 1* hydraulic 
fluid 48 is allowed to flow through the return channel 1 77 and outer 
proportionating valve 222 and into a gap 270 created between the outer 
proportionating valve 222 and the body region 226 of the inner spool 202. The 
hydraulic fluid 48 then flows through the gap 270 to the main center channel 
1 78. As one of ordinary sicill appreciates, the size of the gap 270 controls the 
static pressure release within the pitot tube, which in turn controls the relative 
positioning of the clutch plates 144. The output is controlled via a traditional 
viscous drive mechanism, in which the output from the clutch mechanism is 
controlled by the amount of viscous fluid contained between the clutch plates 
144, the distance between the clutch plates 144, and the rotational speed of the 
pulley 22. in partially engaged clutch position 1 , the static pressure on the 
piston 1 1 6 is lessened, therein causing the movement of the input clutch plates 
1 60 to move apart from the output clutch 1 62. As the rotation of the second 
series 1 62, and hence the output to the fan shaft 44 and fan 1 6, Is a function of 
this spacing, (as well as the amount of viscous fluid 48 contained between the 
first clutch plates 160 and second series 162 and the rotational speed of the 
pulley 22, which are both fixed at any given Instant), the amount of cooling 
capability is correspondingly lessened by the distance between the individual 
clutch plates 144 contained in the first clutch plates 160 and second series 162. 



Referring now to Figure 5, also known as partially engaged clutch position 2 
(or midspeed position 2), wherein eiearical coil 230 Is unexcited while electrical 
coil 240 is excited. In partially engaged clutch position 2, hydraulic fluid 48 is 
allowed to flow through the return channel 1 77 and inner proportionating valve 
220 and into a gap 280 created between the Inner proportionating valve 220 
and the step region 224 of the inner spool 202. The gap 280 is sized larger 
than the gap 270, thereby allowing more hydraulic fluid 48 to flows through the 



[0061] 
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gap 280 to the mam center channel 1 78 than is possible as shown in Figure 3. 
As one of ordinary skill appreciates, the increased gap 280 increases the 
amount of pressure relief to the pitot tube 1 52, which in turn reduces the clutch 
output at a given pulley 22 rotational speed because the dutch plates 144 of 
the first clutch plates 160 and second series 162 are spaced further apart. 
Thus, the clutch output rotational speed, and hence fan 16 rotational speed, in 
partially engaged clutch position 2 is less than the clutch output rotational 
speed in partially engaged clutch position 1. 

[0062] Referring now to Figure 6, also known as a fully disengaged clutch position, 
wherein electrical coil 230 and 240 are excited. In the fully disengaged clutch 
position, hydraulic fluid 48 is allowed to flow through the return channel 1 77 
and outer proportionating valve 222 and Into the main center channel 1 78. This 
allows maximum pressure relief within the pitot tube 1 52, thereby disengaging 
the clutch output by moving the clutch plates 1 44 sufficiently apart so as to 
produce little, if any, viscous drive output response. Thus, coupled output to 
the fan shaft 44 and fans 16, and hence cooling response to the engine 14, is 
minimized. 

[0063] As Figures 3-6 describe, a hydraulically fan drive system 1 2 is shown in 
which there are four possible clutch outputs at a given pulley 22 rotational 
speed used to rotate the fan shaft 44 and fans 1 6. This allows more precise 
control of the cooling capabilities of the fan 1 6 at a given engine speed. Each 
possible scenario as disclosed in Figures 3-6 is controlled by the main 
controller 1 76, which directs the electrical excitation of the colls 230, 240 base 
on a fan 1 6 speed used to cool the engine 1 4 based on numerous desired 
engine operating conditions described above. 

[0064] While the present invention as described in Figures 3-6 shows two spools 
and four possible clutch outputs at a given pulley rotational speed, those of 
ordinary skill in the art would quickly recognize that additional partially 
engaged clutch positions could be readily incorporated into the design. 
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[0065] For example, additional partially engaged dutch positions could be 

accomplished by the addition of additional electronically controlled spools 
within the interior of the main center channel 1 78. Thus, by controlling which 
inner spools are activated, a multitude of potential gap sizes can be created 
between the proportionating valves 220, 222 and the body or stepped regions 
of the inner spools to more precisely control the release of static pressure from 
the pitot tube 1 52 through the channel 1 77 and to the main center channel 1 78 
and reservoir 98. 

[0066] Further, additional partially engaged clutch positions could be achieved by 
adding additional stepped regions, each having a proportionating valve, to the 
outer spool 200 and allowing a midrange electrical excitation of the coil 230 by 
the main controller 1 76. This would create an additional two midrange clutch 
engagements per additional step region to achieve further output control. 

[0067] Similarly, additional stepped regions may be added to the inner spool 202. 
By allowing midrange electrical excitation of the coil 240, additional gap sizes, 
and hence midrange speed positions for the fan 16 created by partially 
engaging the clutch pack 1 S6 (i.e. a viscous fluid type drive mechanism), may 
be created between the respective proportionating valve 200. 202 and 
respective stepped region. 

[0068] In an alternative embodiment, as described in Figure 7, controlled static 
pressure flow from the return channel 1 77 to the main center channel 1 78 
through the fluid controller 1 1 8 is achieved forming the fluid controller 1 1 S to 
include a pair of parallel restricted flow channels each being capable of being 
opened or closed electronically to produce various midrange clutch options 
similar to those described above in Figures 3-6. 

[0069] In Figure 7, the fluid controller 1 1 8 consist of a pair of parallel flow 

channels 302, 304 fluidfcally coupled to a main flow channel 300, which is also 
fluidically coupled to the return channel 1 77. 
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[0070] Also coupled within each flow channel 302, 304 is an electron leal ty 
controlled valve 310, 312. Each valve 310, 312 is controlled by the main 
controller 1 76 between an open position, which allows fluid flow from the 
return channel to the main channel 1 78, and a closed position, which does not 
allow fluid flow from the return channel 1 77 to the main channel 1 78. Figure 8 
shows both valves 310, 312 in the open position, or Disengaged clutch 
position. 

[0071] The flow of hydraulic fluid 48 through the flow channels 302, 304 can be 
restricted when the valves 31 0, 31 2 are open in one of two preferred methods. 
First, the orifice size of each flow channel may be sized differently to 
accommodate a different flow 48 rate. For example, the orifice size of the flow 
channel 302 is greater than that of flow channel 304. 

[0072] Alternatively, as shown in Figure 7, the flow channels 302, 304 could have 
equal size orifices, and one or both of the flow channels 302, 304 may 
preferably have a restrictor 306, 308 coupled within a portion of the respective 
channel that restricts the volume of fluid flow. The size of restrictor 306 Is sized 
larger (therein creating a smaller orifice through which fluid 48 can flow) than 
that of restrictor 308 to restrict fluid 48 flow through the flow channel 304 as 
compared with flow channel 302. 

[0073] At a given pulley 22 rotational speed, depending upon the desired fan 1 6 
rotational speed, the main controller 1 76 can dfrea the closing or opening of 
either valve 310, 312. This creates four potential operating conditions, 
including an Engaged clutch position, a partially engaged clutch position 1, a 
partially engaged clutch position 2, and a disengaged clutch position. Each is 
described below. 



10074] 



in the disengaged clutch position, the controller 1 76 directs the vaives 310, 
31 2 open. This allows flow of fluid 48 from the pitot tube 1 52, through the 
return channel 1 77 and the main flow channel 300, and through both flow 
channels 302, 304. This allows maximum pressure relief within the pitot tube 
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152, thereby disengaging the dutch output by moving the dutch plates 144 
sufficiently apart so as to produce little, if any, viscous type drive output 
response. Thus, coupled output to the fan shaft 44 and fans 1 6, and hence 
cooling response to the engine 1 4« is therefore minimized. 

[0075] In partially engaged clutch position 2, the main controller 1 76 directs valve 
310 closed and maintains valve 31 2 in the open position. This allows fluid 48 
flow through flow channel 304 only. As the relief of fluid 48 is restricted as 
compared with the disengaged dutch position, this in turn decreases the 
amount of pressure relief to the pitot tube 1 52, which in turn increases the 
clutch output at a given pulley 22 rotational speed because the clutch plates 
144 of the first clutch plates 1 60 and second series 1 62 are spaced closer 
together than in the disengaged dutch position. Thus, the clutch output 
rotational speed O.e. fan 16 rotational speed) in partially engaged clutch 
position 2 is greater than in the disengaged clutch position. 

[0076] In partially engaged clutch position 1 . the main controller 1 76 directs valve 
312 dosed and maintains valve 310 in the open position. This allows flow of 
fluid 48 through flow channel 302 only. As the flow of fluid 48 from the pitot 
tube 1 52 to the main channel 1 78 is restricted as compared with the 
disengaged clutch position, this in turn decreases the amount of pressure relief 
to the pitot tube 1 52 as compared to the disengaged clutch position, which in 
turn Increases the clutch pack 1 56 output at a given pulley 22 rotational speed 
because the clutch plates 1 44 of the first dutch plates 1 60 and second series 
1 62 are spaced closer together than in the disengaged clutch position. Further, 
because the orifice size of flow channel 302 is smaller than that of flow channel 
304 (either due to the restricted diameter of the flow channel 302 or through 
the use of the larger restrictor 306), less static pressure may be relieved form 
the pitot tube 1 52 in partially engaged clutch position 1 than in partially 
engaged dutch position 2. Thus, the clutch output rotational speed On terms of 
fan 1 6 speed) in partially engaged clutch position 1 is greater than the dutch 
output rotational speed in partially engaged dutch position 2. 
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[0077] 



10078] 



[00791 



[0080] 



In the engaged dutch position, the valves 310, 31 2 are maintained in a 
dosed position (this is the default position), thus preventing flow of hydraulic 
fluid 48 from the pitot tube 1 52, thereby maintaining static pressure within the 
pitot tube 1 52 at a maximum level achievable at the current pulley rotational 
speed and ratio. This in turn provides maximum engagement of the clutch 
plates 144 (i.e. a friction type clutch drive) to drive the fan shaft 44 and fan 16, 
therein providing maximum cooling to the engine 14. As described above, the 
engaged clutch position is the default position, ensuring that the fan will rotate 
to maintain the engine 14 at cool temperatures even if the main controller 1 76 
is disabled. 

The hydraulicaliy fan drive system 1 2 as shown in Figures 1, 2 and 7 is 
shown in which there are four possible clutch outputs at a given pulley 22 
rotational speed used to rotate the fan shaft 44 and fans 16. This allows more 
precise control of the cooling capabilities of the fan 16 at a given engine speed. 
Each possibJe scenario as disclosed in Figure 8 i$ controlled by the main 
controller 1 76, which directs the opening and closing of valves 310, 31 2 to 
provide the desired fan 1 6 rotational rate at a given pulley 22 rotational speed 
and ratio based on numerous desired engine operating conditions described 
above. 

While the present invention as described in Figure 7 shows two channels 
and two valves, those of ordinary skill In the art would quickly recognize that 
additional partially engaged clutch positions could be readily incorporated into 
the design by introducing more flow channel each having an additional valve. 

The present invention provides a robust hydraulicaliy driven fan drive 
system that can be used in a wide variety fan clutch applications that is capable 
of controlling the static pressures within the pitot tubes used to engage, 
partially engage, or disengage the clutch mechanism at any given pulley speed 
and pulley ratio, thereby creating a so-called mid level speed control that allows 
more precise cooling capabilities at any given engine speed. This in turn 
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maximizes engine performance in terms of fuel economy and emissions, for 
example. 

[0081] While the invention has been described in conneaion with one or more 
embodiments, it is to be understood that the specific mechanisms and 
techniques which have been described are merely illustrative of the principles of 
the Invention, numerous modifications may be made to the methods and 
apparatus described without departing from the spirit and scope of the 
invention as defined by the appended claims. 
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